A recently proposed entropic criterion [P.V. Giaquinta and G. Guinta, Physica A 18'7, 145 (1992)] for the determination of phase transitions in simple Huids is applied to two-Huid models, a purely repulsive point Yukawa Quid, and a 6-12 Lennard-Jones system. Both the gas-liquid and the freezing transitions are investigated by means of integral equation theory, and assessed with simulation data available in the literature. Our results indicate that the entropic criterion is a reasonable tool for predicting the freezing transition at low temperatures, in particular for purely repulsive potentials. Comparison with other melting rules is less favorable when there is an important attractive component in the interaction. On the other hand, the determination of the gas-liquid critical point and the liquid side of the gas-liquid coexistence curve is merely qualitative. Our results, however, show the existence of a correlation between the gas-liquid transition and the location of one of the inQection points of the density-dependent excess residual entropy.
I. INTRODUCTION
The use of integral equation techniques for the determination of phase diagrams in simple Quids has been widely explored [1 -3] . In particular, a new suggestive criterion that enables the determination of the melting line with one-phase thermodynamic and structural properties as input has been recently proposed by Giaquinta and Giunta [4] . They made a careful analysis of the density dependence of the excess entropy 8'" and the pair entropy s2 (i.e. , the contribution of spatial correlations between pairs of particles to the excess entropy) for the hard-sphere Quid, and concluded that the residual entropy As(p) = s'" -s2 reflects all the borders between structural and dynamical regimes present in the Quid, through the zeros of the function itself and its derivatives [4] . This somewhat empirical criterion was successfully tested in the prediction of the melting line for the hardsphere fluid [4] , the Lennard-Jones (LJ) fluid [5] , and in a very recent work for a system of rigid C60 molecules [2] In this paper we intend to explore this one-phase criterion for a system with attractive interactions, the 6-12 LJ Quid, along the full density range, analyzing not only the melting transition, but also the correlations between inQection points and the liquid-vapor transition.
We also consider a purely repulsive soft potential, the point Yukawa, for which the location of the &eezing transition has been the focus of recent work [6] . This interaction, though simple, has been successfully applied to model colloidal suspensions [7] , which are known to undergo transitions between dense disordered and dense ordered phases [8] .
Spatial (4) has been solved using standard numerical techniques [1] . &om the excess internal energy per particle, u'", and the excess &ee energy per particle, c'". The two-particle con6gurational contribution to the excess entropy is given by [4, 12] In previous works [3, 4] , the existence of a pronounced correlation between the zeros of Aa(p) and the &eez-ing transition was unequivocally established. It was also suggested that the extrema in dna(p)/dp [i.e., zeros of d~Aa(p)/dp2 or in8ection points in ba(p)] are associated with the gas-liquid transition. Therefore, we have here investigated the behavior of db, a(p)/dp for a wide range of temperatures and densities, as can be seen in Fig. 1 .
Due to the presence of the spinodal line, at the lowest T' no RHNC solution is available for some densities [1] . In Fig. 1 , we 6rst observe the presence of two extrema on the high density side, with one of them disappearing for T' ) T; (and this T; -1.45 is somewhat off the simulated critical temperature T; = 1.30 [13] , or the value extrapolated &om the RHNC phase diagram, T' 1.31 [1] ). We notice that the locus of the maxima in db, a/dp Table II . Here we compare the location of the maxima in db, s/dp (denoted by GG-RHNC) with results from van der Waals theory (vW), Gibbs ensemble MC data from Ref. [13] (GE-MC), results from the RHNC using plain chemical equilibrium conditions [1] , and Guggenheim's fit to experimental data [14] . From Fig. 2 For the high density minimum in dAs/dp, we observe that for temperatures approaching from above the pseudocritical T*, it converges toward a value p, cr 0.6. Giaquinta and Giunta [4] found for the hard-sphere fiuid an infiection point in b, s(p) at pos = 0.5, which they associated with a transition to a dense Quid regime, whose boundaries are deined by the percolation threshold. For higher densities the accessible volume in the system breaks into isolated cavities. Since the LJ Quid is more "compressible, " it is understandable to Gnd such a transition at a more dense state. For temperatures below the pseudocritical T;, the first order gas-liquid transition interferes with the structural transition and this is shifted toward higher densities, the trend indicating that both inBection points tend to merge. This latter assumption could not be proved since, as can be seen in Fig. 2 line prediction according the Giaquinta-Giunta criterion using RHNC, HMSA, and MD input (GG-RHNC, GG-HMSA, and GG-MD, respectively), the Hansen-Verlet rule with RHNC input (HV-RHNC), and MC simulation. MC data taken from Ref. [15] . GG-HMSA data taken from Ref. [3] . GG-MD data taken from Ref. [5] . Filled circles correspond to MC results from Refs. [13] and [15] . The dashed line is the RHNC prediction of the freezing transition. The dash-dotted line corresponds to the location of the last minimum of dAs/dp (estimate of the vapor-liquid transition), and the double-dot-dashed line to the locus of the last maximum (estimate of the percolation threshold). Ref. [16] . Meijer and Frenkel [16] determined the location of the melting transition by MC simulations. Notice that, in this case, the Quid phase can freeze into a body-centered cubic (bcc) or a face-centered cubic (fcc) crystal. Again, RHNC thermodynamics is extremely accurate as compared with MC simulations [16] .
In Fig. 3 we show the evolution of b, s(A) vs A, and our results are explicitly compared in Table IV Now a question remains to be addressed: the number of extrema in dbs/dp. In Fig. 5 5 . dEs/dp vs p for the repulsive Yukawa iluid at t = 4.3 x 10 computed in the RHNC approximation.
observed for the low-T* LJ fluid (see Fig. 1 ) here only one minimum shows up (as in the hard-sphere case [4] [5) .
